A series of studies examined the (Sprague-Dawley) rat's tendency to suppress intake of .15% saccharin when it was followed by a second food after 4-, 16-, or 32-min delays. The second foods examined were 32% sucrose, 64% sucrose, lab chow, a Nutrasweet solution, skim milk, and chocolate milk. Saccharin intake was influenced by both the delay and the specific food available. Subsequent analysis showed that saccharin intake before the 4-min delay was an inverse function of the caloric value of the second food. However, saccharin intake before the 16-min delay was better predicted as an inverse function of the hedonic value of the second food. The results suggest that the caloric and hedonic values of a food may influence food selection across different time courses, and that the effective time horizon for the sequential comparison of foods depends on the specific foods that are compared.
When a hungry rat is presented with a 0.15% saccharin solution followed, after a short delay, by a more preferred sucrose solution, the amount of saccharin consumed decreases as a function of both the immediacy and concentration of the sucrose solution (Flaherty & Checke, 1982; Flaherty & Rowan, 1986) . A common interpretation of these data is that the rat learns the predictive relationship between the saccharin and sucrose and then suppresses saccharin intake in anticipation of the more preferred sucrose. This suppression is presumed to result from a contrast effect, that is, the exaggeration of differences in the motivational value of two incentives brought about by their comparison. Because the two items are presented across a delay, the comparison must be made between one food and the memory or expectancy of the second food. As a result, Flaherty and Checke (1982) proposed the term anticipatory contrast to describe this paradigm.
Recently, Lucas, Gawley, and Timberlake (1988) suggested that the anticipatory contrast paradigm can be viewed as an analogue of a foraging problem in which the rat must select between sequential alternative foods. That is, the tendency to suppress intake of the first food implies the operation of mechanisms that would lead to more selective intake if the rat had the opportunity to leave in search of the second food. From this perspective, Lucas et al. (1988) used the anticipatory contrast paradigm to evaluate the delay over which access to future food might affect current responding. They found that under some conditions the rats suppressed intake of saccharin when access to the sucrose was delayed up to 32 min. However, in agreement with the results of research using separate patches of food (Timberlake, Gawley, & Lucas, 1987) , the most robust effects were found at intervals of 16 min and less.
Although the limited time horizon suggested above implies that anticipatory contrast effects may not extend between meals, a short-term suppression of intake based on the expectancy of other foods could provide an effective mechanism of selective foraging within a meal. An important issue related to the extension of the anticipatory contrast model to selective foraging is whether the strong suppression obtained with saccharin-sucrose comparisons is typical of comparisons between other foods. A number of related questions need to be answered. For example, does contrast occur only in comparisons between foods of similar flavor, or are foods compared along some common dimension of value? Does the value of a food depend primarily on its nutritional balance, its caloric content, or its flavor? And do differences in these characteristics affect the rat's time horizon?
The present set of studies addressed these questions by surveying the rat's tendency to suppress intake in anticipation of a variety of qualitatively different foods. In particular, we were interested in how obvious differences in flavor, nutrition, or caloric value of the future food might affect the amount of suppression and the delay over which suppression occurred.
General Method

Subjects
The subjects in all experiments were 120-150-day-old, experimentally naive female rats (Ratios norvegicus). The animals were bred locally from Sprague-Dawley stock. Individual weights ranged from 240-320g ad libitum. The animal colony was maintained on a 12:12-hr light/dark cycle. Water was available continuously in the home Approximately 8 days before the beginning of training the subjects were isolated in individual cages, and their daily food was restricted (7 g per day) until each subject was reduced to 85% of its ad libitum body weight During this period all subjects were weighed and fed daily at the time of subsequent training. The subjects were then assigned to groups equated for body weight.
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Apparatus A standard cage rack was modified so that the animals' home cages could be placed in the tack and the animals could be transported in groups to the training room. Each cage measured 24 cm long X 19 cm wide x 18 cm high. The back wall and both side walls of the cage were made from stainless steel sheeting. The front and bottom of the cage were made of stainless steel wire mesh. Except as noted, foods were presented as solutions mixed with water. The solutions were placed in individual drinking wells made from 50-ml beakers mounted in metal holders. The holders attached to the rack and held the beakers tilted at a 40* angle to make them easily accessible to the rats. The holders were lowered into the cages by the experimenter and fastened in place to prevent movement and spillage. The training room was directly vented to the outside by an overhead exhaust ran. During training the room was dimly lit by a single 25-W red bulb mounted about 2 m from the test rack.
Procedure
To promote comparisons across foods, the following procedures were carefully standardized across all experiments. The rats were run in groups of 10 to 12. Training consisted of one trial per day for 12 consecutive days. On each trial the rat was removed from its cage for weighing and then returned to the cage, which was placed in the modified rack. When all rats in the group were weighed, the rack was transported to the experimental room, where the rats were left for a 10-min accomodation period.
During the accommodation period the test solutions were measured out and placed in individual drinking wells. Additionally, across the first 4 days of training, each animal that had not consumed at least .4 ml of saccharin on the previous day received a 0.1-ml drop of saccharin solution. The saccharin was squirted directly into the rat's mouth with a plastic 1-cc syringe. Thus, all animals received a drop of saccharin on the first training day, and all continuing "nondrinkers" received similar treatment as needed over the next 3 days. This forced exposure to saccharin occurred about 5 min before the beginning of the training trial and ensured that all animals came in contact with the saccharin. Any subject that failed to consume at least 0.4 ml of saccharin within the first 4 days was removed from the study. This precaution was used to ensure that the acquisition curves remained roughly parallel. Our experience indicates that 10-15% of naive, food-deprived rats show a strong neophobic response to saccharin that persists for well over a week when given only brief (5-min) access periods to saccharin each day.
At the end of the 10-min accommodation period, 10 ml of 0.15% saccharin was placed in the rat's cage and left there for 5 min. Following the 5-min access period the saccharin was removed and a delay period (4, 16, or 32 min) began. At the end of the delay period a second food was placed in the rat's cage for 5 min. Following removal of the second food the rats were left in the experimental room for rO min (while the solutions were measured) and then returned to the colony. The subjects in the control group received 10 ml of saccharin access for 5 min, remained in the experimental room for a 32-min delay period, and then were returned to the colony without receiving a second access period. A daily feeding of Purina lab chow sufficient to maintain each subject at 85% body weight was provided 90 min after the end of each training session.
The rats' intake of both the first and second solutions was determined by provisioning each well with a fixed amount of solution and then measuring the amount remaining after training. The test solutions were provisioned so that there was more solution available than any rat drank in the 5-min period. For the saccharin, this was always 10 ml. For the second solution we began with 10 ml but increased the amount to 12 or 15 ml as necessary. The wells were washed and dried between groups. Loading and measuring was done in another room on a separate ventilation system. Each solution remained outside the experimental room until it was needed, so that olfactory cues from the second solution were not present when the first solution was presented. Waxed paper was placed under each rat's cage at the time of training. Occasional spills could be recovered easily from the waxed paper using a small syringe.
Test solutions. Solutions were mixed at 3-day intervals and were kept refrigerated at 4'C until they were measured out each day. The solutions were still cool when they were presented at the time of training. The sodium saccharin solutions were mixed from a commercially available 2.33% stock solution (Pillsbury Sweet-10) by dilution with tap water. The sucrose solutions were mixed from commercially available sugar and tap water on a weight-per-totalweight basis. A high-sweetness, low-calorie solution was made by adding 5.8% Nutrasweet (Equal, The Nutrasweet Company) by weight to a 0.06% sodium saccharin solution. Milks were purchased fresh at 3-day intervals and refrigerated as above. The caloric density of the 0.15% saccharin solution was 0 kcal/ml. The caloric density of the second foods is given in Table 1 found in Experiment 7.
Experiment 1
Because 32% sucrose is a commonly used incentive in saccharin contrast studies, we selected it as a reference point for comparison to other foods. In a previous study we found that intake of a 0.15% saccharin solution was suppressed when 32% sucrose followed the saccharin at delays of 4 and 16 min, but not after a 32-min delay (Lucas et al., 1988) . Experiment 1 replicated these results.
Method
The second food was a 32% sucrose solution. Forty-eight rats were assigned to 4 groups of 12. Six rats were subsequently excluded for failing to drink saccharin within the first 4 days, leaving 10, 12, 10, and 10 subjects, respectively, in the 4-min, 16-min, 32-min, and control groups.
Results and Discussion
To ensure that the differences in saccharin intake obtained across delay intervals could not be attributed to differences in the amount of intake of the future food, we routinely measured the consumption of the second food as well. The volume of 32% sucrose intake in the second access period varied only slightly across the delay groups. The mean intake averaged across the last 2 days of training was as follows: M = 9.1 ml, SE = 1.77; M = 8.6 ml, SE = 1.30; and M = 8.6 ml, SE = 1.41; for the 4-min, 16-min, and 32-min delay groups, respectively. A one-way analysis of variance (ANOVA) conducted on these measures indicated that the differences were not significant, F(2, 29) < 1.0, p > .70.
Visual inspection of the data across days indicated that the relative differences in saccharin intake among the four groups was clearly evident by Day 9 of training and remained stable across Days 9 to 12. Because this time course is typical of saccharin intake in this paradigm (cf. Flaherty & Checke, 1982; Lucas et al., 1988) , we established 12 days as our standard training period, using the last 2 days of training as our measure of asymptotic performance. Except as noted, this procedure was employed in all subsequent studies as well.
Saccharin intake in the first access period was an indirect function of the delay period. Figure 1 shows the mean saccharin intake averaged across the last 2 days of training. A one-way ANOVA conducted on these measures indicated significant differences in saccharin intake across groups, F(3, 38) = 8.1, p < .01. Post hoc comparisons (Newman-Keuls tests using .05 as the alpha value were used for this and all subsequent comparisons) indicated that the saccharin intake for the 4-min group was significantly below that of the other groups, and that saccharin intake for the 16-min delay group was significantly below the intake of the control group.
The amount of saccharin intake obtained here closely replicated our previous results (Lucas et al., 1988) using this same paradigm. Delayed access to 32% sucrose suppressed saccharin intake even when sucrose was delayed for 16 min. However, the anticipation of 32% sucrose appeared to have relatively little effect on saccharin intake when sucrose was delayed for 32 min. Experiment 2 In previous work (Lucas et al., 1988 , Experiment 3) we found that intake of 0.15% saccharin was not suppressed when a delay of 32 min was imposed before access to 32% sucrose, provided that subsequent home cage feeding was delayed another 90 min. However, when home cage feeding immediately followed the sucrose, saccharin intake was suppressed. This finding suggested that an increase in the volume, caloric load, or some other dimension of the second feeding might effectively extend the time over which the rat would suppress saccharin intake. Experiment 2 pursued these possibilities by examining the amount of suppression that was obtained when 64% sucrose was provided as the second food.
Method
The second food was 64% sucrose. Forty-eight rats were assigned to 4 groups of 12. Seven rats were subsequently excluded for failing to drink saccharin within the first 4 days, leaving 10, 10, 11, and 10 subjects, respectively, in the 4-min, 16-min, 32-min, and control groups. 
Results and Discussion
The volume of 64% sucrose intake in the second access period was largest at the 4-min delay: M -8.2 ml, SE = .60; M = 1.1 ml, SE = .47; and M = 7.2 ml, SE = .27; for the 4-min, 16-min, and 32-min delay groups, respectively, averaged across the last 2 days of training. However, a one-way ANOVA conducted on these measures indicated that the differences in intake in the second access period were not significant, F(2, 28) = 2.0,p>.10.
Saccharin intake in the first access period for the 4-min, 16-min, and 32-min delay groups was reduced compared with that of the control group. Visual inspection of the groups indicated that the differences between groups were well established by Day 6 of training and remained relatively constant thereafter. Figure 2 shows the mean saccharin intake averaged across the last 2 days of training. A one-way ANOVA conducted on these measures indicated significant differences in saccharin intake across groups, F(3, 37) = 18.8, p < .01. Post hoc comparisons indicated that the saccharin intake for the 4-min group was significantly below that of the other groups, and that saccharin intake for all three delay groups was significantly below the intake of the control.
The present findings show that an increase in sucrose concentration can extend the time period over which the suppression of saccharin intake is obtained. Whereas we found little evidence of suppression following a 32-min delay in Experiment 1 when 32% sucrose was present as the second food, the present study demonstrated a marked reduction in saccharin intake after a 32-min delay when 64% sucrose was the second food. Because the volume of 64% sucrose consumed was somewhat less than the amount of 32% sucrose consumed in Experiment 1, the present data suggest that a larger meal size, per se, was not the variable responsible for the longer time horizon. Thus, it seems likely that either the sweeter taste or the greater caloric intake derived from the 64% sucrose was responsible for extending the time horizon. Because our previous work showed a similar effect when lab chow followed 32% sucrose, these results would seem to implicate the total caloric intake of the second feeding as a common feature.
Experiment 3
Although an increase in the caloric meal size of the second feeding might account for the increase in saccharin suppression we obtained in previous work when lab chow closely followed 32% sucrose (Lucas et al., 1988) , we were concerned that some other component of the lab chow might have contributed to the greater range of suppression. Lab chow is a nutritionally balanced food source, whereas sucrose is not. Although the majority of evidence suggests that there are not specific hungers for most nutrients (Rozin & Kalat, 1971) , there is evidence that animals develop preferences for foods associated with recovery from dietary deficiencies (Revusky & Garcia, 1970; Zahorik & Maier, 1969; Zahorik, Maier, & Pies, 1974) . In addition, the classic studies of "cafeteria-style" self-selection (Richter, 1943) suggest that the rat can evaluate the nutritional balance of its diet.
To test for these possibilities, Experiment 3 examined the amount of suppression obtained when saccharin was followed by Purina lab chow. Rats were presented with an amount of lab chow providing the same total caloric intake as was obtained from the 32% sucrose (in Experiment 1). To the extent that the caloric load of the second feeding is an important determinant of saccharin suppression, we would expect the amount and pattern of suppression obtained in this study to be similar to that obtained with 32% sucrose. However, to the extent that the suppression of saccharin depends on access to other nutritional components, then suppression of saccharin intake might be enhanced by presenting lab chow as the second food.
Method
The second food was a block of #5012 Purina Rat Chow weighing between 3.5 and 3.9 g. On the basis of a density of .68 g/ml for crushed chow, the lab chow yielded approximately 12.4 kcal per feeding at a density of 2.26 kcal/ml. For comparison, the mean intake of 32% sucrose in Experiment 1 provided approximately 12.4 kcal per feeding at a density of 1.43 kcal/ml. The block of chow was placed in the drinking well and inserted into the cage in the manner of the saccharin; however, the rats always removed the block from the well. After 5-min access to the lab chow, the experimenter removed the drinking well and estimated the percentage of lab chow eaten to the nearest 5% but did not remove any remaining chow.
Forty-eight rats were assigned to 4 groups of 12. Seven rats were subsequently excluded for failing to drink saccharin within the first 4 days, leaving 10, 10, 11, and 10 subjects, respectively, in the 4-min, 16-min, 32-min, and control groups.
Resides and Discussion
The measures of lab chow intake were estimates used to confirm that all the rats began eating chow during the 5-min access period. Mean intake estimates averaged across the last 2 days of training were 71%, 74%, and 73% for the 4-min, 16-min, and 32-min groups, respectively. Because the lab chow was not removed from the cage at the end of the S-min period, the total lab chow consumption was always equal across groups. These measures imply that the rate of consumption was approximately equal as well. Figure 3 shows the mean saccharin intake averaged across the last 2 days of training. Saccharin intake in the 4-min delay group remained below the intake of the saccharin-only control; however, there was no suggestion of contrast in the 16-min and 32-min delay groups. Visual inspection of the data indicated that these differences were stable across the last 4 days of training. A one-way ANOVA conducted on these measures indicated a significant difference in saccharin intake across groups, F(3, 37)= 18.8, p<. 01. Post hoc comparisons confirmed that saccharin intake for the 4-min group was significantly below the intake of the other three groups, but saccharin intakes for the 16-min and 32-min groups were not significantly different from each other or from the control group. In effect, saccharin intake was not suppressed as strongly when saccharin was followed by lab chow as when saccharin was followed by 32% sucrose.
These results seem to rule out a well-balanced diet or other special nutritional variables as important determinants of the suppression of saccharin intake in this paradigm. Thus, the data implicate either the sweet flavor of sucrose or the larger caloric intake associated with sucrose as the most likely determinants of the suppression of saccharin intake by future food. In one sense, the present data also appear to question the importance of caloric intake for saccharin suppression. Although the lab chow feeding provided approximately the same total caloric load as a 32% sucrose feeding, it produced less suppression. However, as noted earlier, only about 70% of the lab chow was consumed within the first 5 min. Further, the chow was consumed in a solid form rather than in solution, which would be expected to slow the rate of absorption (Sclafani, 1987) . Thus, even though the caloric density of the chow was greater than that for 32% sucrose, the immediate caloric impact of the chow was probably diminished by the slower rate of intake and absorption.
Experiment 4
There is some evidence that flavor differences alone (i.e., saccharin concentrations) are sufficient to produce a suppression of saccharin intake in the anticipatory contrast paradigm, if the differences in saccharin concentration are large and the delay between foods is short (Flaherty & Rowan, 1986) . In Experiment 4 we used a highly palatable sweet substitute, Nutrasweet, in combination with saccharin to produce a solution approximating the sweetness of 32% sucrose but with only 12% of the calories. If the flavor of the second food is an important determinant of suppression, then this procedure should produce results comparable to those obtained in Experiment 1 with 32% sucrose. However, if the caloric value of the second food is more important, then the Nutrasweet should produce relatively little suppression of saccharin intake.
Method
The second food was a mixture of 5.8% Nutrasweet added to a 0.06% sodium saccharin solution. Nutrasweet is a commercially available mixture of aspartame and dextrose. This mixture wasjudged to approximate the initial sweetness of 32% sucrose in simultaneous flavor comparisons in an informal test among laboratory personnel. Although rats do not show a strong preference for aspartame alone (Sclafani & Abrams, 1986) , subsequent taste comparisons with rats (see Experiment 7) confirmed that this Nutrasweet mixture was highly preferred to 0.15% saccharin. This preference suggests a synergistic effect of combining the aspartame, dextrose, and saccharin-an effect previously reported for combinations of other sweeteners (see Smith, Foster, & Bartoshuk, 1982) .
Forty-eight rats were assigned to 4 groups of 12. Four rats were subsequently excluded for failing to drink saccharin within the first 4 days, leaving 10, 12, 11, and 11 subjects, respectively, for the 4-min, 16-min, 32-min, and control groups.
Results and Discussion
The volume of Nutrasweet intake in the second access period varied only slightly across the delay groups, with the greatest intake occurring at the 4-min delay: M = 8.5 ml, SE = .97; M = 8.1 ml, SE = 1.80; and M = 7.9 ml, SE = 1.17; for the 4-min, 16-min, and 32-min delay groups, respectively, averaged across the last 2 days of training. A one-way ANOVA conducted on these measures confirmed that there were no significant differences in intake in the second access period, F(2, 30) < 1.0, p>.60.
The mean intake of Nutrasweet closely matched the intake of 32% sucrose in Experiment 1. Averaging across subjects, the mean Nutrasweet intake was 8.2 ml (SE = 1.42), compared with 8.7 ml (SE = 1.47) for 32% sucrose in Experiment 1. The similar intakes obtained with Nutrasweet and 32% sucrose suggest that the two foods were roughly equivalent in flavor. Subsequent simultaneous taste comparisons indicated that both solutions were preferred more than 8:1 to the 0.15% saccharin solution.
Saccharin intake in the first access period was a U-shaped function of the delay period. Visual inspection of the data indicated that the relative differences between the groups were well established by Day 8 of training, and saccharin intake remained quite constant thereafter. Figure 4 shows the mean saccharin intake averaged across the last 2 days of training. A one-way ANOVA conducted on these measures indicated significant differences in saccharin intake across groups, F(3,40) = 5.1, p < .01. Post hoc comparisons indicated that the saccharin intake for the 4-min groups was not significantly greater than for the control group but was significantly greater than the intake for the 16-min delay group. Saccharin intake for the 16-min group was also significantly below that for the 32-min delay group and the control group.
The results of this procedure were surprising. The failure to obtain any suppression of saccharin intake when the Nutrasweet mixture followed saccharin at a 4-min delay was exactly what would have been expected if the suppression of saccharin intake depended primarily on the caloric value of the second food. However, when Nutrasweet followed saccharin by a 16-min delay, saccharin intake was suppressed. In fact, the reduction was comparable to the suppression of saccharin intake obtained at a 16-min delay with 32% sucrose in Experiment 1. In effect, the suppression of saccharin intake obtained at the 16-min delay was what would have been expected if suppression depended primarily on the flavor or hedonic value of the second food. Thus, the outcomes from these two delay intervals seem to lead to different hypotheses. At the least, some dimension of the second food other than its caloric value affected the tendency for rats to suppress saccharin intake in the 16-min delay condition.
Experiment 5
In Experiment 5 we examined the amount of suppression produced when skim milk was presented as the second food. Our goal was to provide a palatable but nonsweet food that was also low in calories. Milk is a primary food for young rats and is often used as an operant reinforcer for rats. Thus, we assumed that adult rats would readily sample and consume it. However, because most of the milk fat is removed, skim milk provides a relatively low source of calories.
Method
The second food was skim milk, a low-fat milk containing 0.5% milk fat.
Forty-eight rats were assigned to 4 groups of 12. Seven rats were subsequently excluded for failing to drink saccharin within the first 4 days, leaving 10, 10, 10, and 1 1 subjects, respectively, in the 4-min, 16-min, 32-mm, and control groups.
Results and Discussion
The volume of skim milk consumed in the second access period was relatively equal across delays: M = 7. 1 ml, SE = 1.1; M = 6.6 ml, SE = 1.6; and M = 6.3 ml, SE = 1.3; for the 4-min, 16-min, and 32-min delay groups, respectively, averaged across the last 2 days of training. A one-way ANOVA conducted on these measures indicated that the differences in intake in the second access period were not significant, F{1, 27)<1.0,/».4.
Saccharin intake in the first access period was not suppressed at any of the delay intervals. In fact, there is some suggestion in the data of a small increase in saccharin intake in the 4-min delay group. Visual inspection indicated that saccharin intake remained stable across the last 4 days of training. Figure 5 shows the mean saccharin intake averaged across the last 2 days of training. A one-way ANOVA conducted on these data indicated that there was no significant difference in saccharin intake across groups, F(3, 37) = 1.8, p > .15. However, because the intake in the 4-min delay group suggested a possible facilitation effect, a replication was done comparing a second 4-min delay group (M = 5.5 ml) with a saccharin-only control group (M = 4.4 ml). This comparison revealed a significant facilitation of saccharin intake at 4-min,
In the previous study we found no suppression of saccharin intake at the 4-min delay when saccharin was followed by a low-calorie food. However, the facilitation of saccharin intake at the 4-min delay with skim milk was unexpected. It seemed curious that these two low-calorie foods both resulted in more saccharin intake in the 4-min delay condition than in the 16-min condition. But the results with skim milk may also be related to flavor. Skim milk did not appear to be as strong an incentive as the previous foods and, at least by human standards, the flavor of skim milk is not highly preferred.
. 15X -> SKIM MILK Because the poor showing of skim milk may have been due partly to flavor, in Experiment 6 we used a more palatable milk product, a low-fat chocolate milk. Our previous experience indicated that rats vigorously consume chocolate milk. Thus, to the extent that a preferred flavor of the second food contributes to the suppression of intake, we assumed that rats would readily suppress saccharin intake for chocolate milk.
If the suppression of saccharin intake depends primarily on the caloric value of the second food, then we would expect only a moderate degree of suppression, because the caloric value of chocolate milk was intermediate between skim milk and 32% sucrose. However, if the suppression of saccharin intake depends largely on the hedonic value of the second food, then chocolate milk should produce a stronger suppression of saccharin intake. Finally, if the time course of these two effects differs, as it appeared to when the Nutrasweet solution was used, then the present results may resemble those obtained in Experiment 4 with the low-calorie Nutrasweet mixture.
Method
The second food was chocolate milk, milk containing 2% milk fat combined with corn sweeteners and chocolate flavoring.
Forty rats were assigned to 4 groups of 10. Six rats were subsequently excluded for failing to drink saccharin within the first 4 days, leaving 8,8, 9, and 9 subjects, respectively, in the 4-min, 16-min, 32-min, and control groups.
Results and Discussion
The volume of chocolate milk intake in the second access period was largest at the 4-min delay: M = 10.8 ml, SE = 1.3; M = 8.7 ml, SE = 2.2; and M = 9.3 ml, SE = 2.0; for the 4-min, 16-min, and 32-min delay groups, respectively, averaged across the last 2 days of training. A one-way ANOVA conducted on these measures indicated that the differences in intake in the second access period were not significant, F(2, 22) = 2.65, p > .05, but did suggest the possibility of a weak effect.
Although the difference in chocolate milk intake among the three delay groups was small, the trend toward more intake in the 4-min group was consistent with that noted previously for the intake of 32% sucrose, 64% sucrose, Nutrasweet, and skim milk. Although the mechanism for this difference in intake cannot be specified, it would be consistent with a priming effect of insulin on appetite (Powley, 1977) . Insulin levels may become elevated within 1 min following ingestion of a food, even if the food provides no caloric value (Steffens, 1976; Strubbe & Steffens, 1975) . Thus, access to saccharin may have resulted in an elevated insulin level that effectively primed the rat's appetite for any palatable foods that followed.
Saccharin intake in the first access period was a U-shaped function of the delay period. Visual inspection indicated that the relative group differences were evident by Day 6 of training and saccharin intake stabilized by Day 9. Figure 6 shows the mean saccharin intake averaged across the last 2 days of training. The data suggest a facilitation of saccharin intake in the 4-min delay group and a suppression of saccharin intake in the 16-min and 32-min groups. A one-way ANOVA conducted on these measures indicated that saccharin intake differed significantly across groups, F(3, 30) = 11.4, p < .01. Post hoc comparisons confirmed that saccharin intake for the 4-min group was significantly above the intake of the other three groups and that saccharin intake for the 16-min group was significantly lower than intake for both the 4-min and the control groups. However, the intake for the 32-min delay group was not significantly below that of the control group, nor was it significantly above the intake of the 16-min delay group.
The strong suppression of saccharin intake at a 16-min delay suggests that saccharin intake across this delay is strongly influenced by the flavor of the second food. On the basis of both volumetric intake and subsequent taste comparisons (see Experiment 7), the hedonic value of chocolate milk exceeded that of all the previous foods we tested. Conversely, saccharin intake at the 16-min delay was the lowest of that obtained with any previous food. These results are similar to those found in Experiment 4 with Nutrasweet, in that both chocolate milk and the Nutrasweet mixture resulted in a greater suppression of saccharin intake at the 16-min delay than at the 4-min delay. We have subsequently replicated this U-shaped function with chocolate milk.
Experiment 7
Several of the previous studies suggested that saccharin intake may have been affected by a flavor preference for the second food. To provide a better estimate of the hedonic value of the different foods, we provided rats with the foods used in the previous studies, each simultaneously paired with saccharin. This comparison allowed us to determine the extent to which each of the different foods competed with saccharin in palatability. We used this measure of hedonic value and a measure of the caloric density of each food to examine how caloric and hedonic factors may have influenced saccharin intake in the previous studies. 
Method
Twelve rats with previous taste comparison experience with other foods were used. Details of housing, food preparation, and training conditions were identical to those used in the previous studies, except as follows. Each day one of the six foods used in the previous studies was presented for 5 min in the manner described previously, except that 0.15% saccharin was simultaneously presented in a second drinking well immediately adjacent to the test food. These paired comparisons were presented for 3 successive days for each food before a new food was tested. The order of comparisons was varied between subjects. Subsequently, each rat was presented with two 0.15% saccharin solutions for 3 consecutive days.
Results and Discussion
To provide a common scale for comparing flavor preferences, the mean intake of saccharin for the last 2 days of each paired comparison was subtracted from the mean saccharin intake across the last 2 days of the saccharin-saccharin condition. The difference in saccharin intake was then expressed as a percentage of the total saccharin-saccharin intake for each subject This score yielded an estimate of the extent to which each food was preferred to (i.e., competed with) saccharin intake. Using this procedure, a preference score of 50% would indicate that a food diminished saccharin intake by 50% and thus was approximately equivalent to saccharin in preference. A preference score of 90% would indicate that a food diminished saccharin intake by 90% (i.e., the rats consumed only 10% as much as in the saccharin-saccharin condition) and would indicate a strong preference for that food.
The results of this comparison indicated that all the foods tested, except for skim milk, were preferred to 0.15% saccharin. The mean preference score for each food is given in Table 1 . For comparison, the mean caloric density of each food in kcal/ml is also shown in Table 1 . Consistent with measures of volumetric intake from the previous studies, the highest preference score was obtained for chocolate milk.
To assess the relationship between the hedonic and caloric values of the second food and the amount of saccharin intake, Pearson product-moment correlations were calculated using the data from the current studies, previous published data using 32% sucrose as the second food (Lucas et at, 1988, Experiment 1) , and one unpublished replication of Experiment 6 using chocolate milk as the second food. For these comparisons we used the mean preference score of the second food as a measure of its hedonic value and the calculated density of calories per unit volume as a measure of its caloric value. The correlation coefficients for these comparisons are shown in Table 2 . For the 4-min delay the caloric value of the subsequent food predicted saccharin intake better than the hedonic value of that food. The strong negative correlation with caloric value at this delay represents the tendency for saccharin intake to be markedly suppressed before foods with high caloric consequences (e.g., 64% sucrose) but not suppressed when saccharin was followed by foods with low caloric value (e.g., Nutrasweet and skim milk).
At the 16-min delay the hedonic value of the second food was the better predictor of saccharin intake. The strong negative correlation between the hedonic value and saccharin intake at this delay indicates that saccharin intake was suppressed when followed by foods that were highly preferred to saccharin (e.g., 32% sucrose, Nutrasweet, and chocolate milk). These results are further strengthened by the finding that a similarly strong negative correlation, r(l) = -.795, p < .01, was obtained at the 16-min delay when the mean volumetric intake of the second food was used as a measure of the hedonic value.
A better predictor of saccharin intake before a 32-min delay was also the hedonic value of the second food. However, relatively little suppression of saccharin intake was found across this interval, and neither the comparison with the caloric nor the hedonic rating of the second food resulted in a significant correlation.
General Discussion
Two general conclusions seem clear from the present data. First, the effective time horizon for the sequential comparison of foods depends on the specific foods that are compared. Second, the caloric and hedonic values of a food may influence food selection across different time courses. Table 3 presents a brief summary of the results from the first six experiments using different foods across 4-, 16-, and 32-min delays. Our results show the typical inverse relationship between saccharin intake and the immediacy of access to sucrose solutions, but they also reveal more complex effects when saccharin was followed by foods that differed from sucrose in nutrition, caloric content, or hedonic value. With respect to these three characteristics, our results suggest that the nutritional balance of the second food had relatively little effect on saccharin intake. Rather, saccharin intake appeared to be Note, f indicates a significant facilitation of saccharin intake compared to the saccharin-only control group; \ indicates a significant suppression of saccharin intake compared to the saccharin-only control group; -indicates no significant difference in saccharin intake compared to the saccharin-only control group. most strongly influenced by caloric and hedonic differences. However, the relative importance of these factors varied with the delay between foods.
Across the 4-min delay groups the caloric value, but not the hedonic value, of the second food was the better predictor of saccharin intake. However, across the 16-min delay groups the situation was reversed. The caloric value of the second food was a poor predictor of saccharin intake; the hedonic value of the second food was the better predictor. These findings imply that the caloric consequence of the second food was a more important determinant of food selection when the two foods were compared across a 4-min delay, but they suggest that comparisons across longer delays were strongly determined by the flavor or hedonic value of the second food.
The possibility that caloric differences operate across a shorter delay than flavor differences appears to be at odds with the results from studies of conditioned flavor preference. For example, some flavor-conditioning studies have shown that flavor preferences based on caloric consequences can be conditioned across delays of up to 30 min (Capaldi, Campbell, Sheffer, & Bradford, 1987; Holman, 1975) , whereas flavor preferences based on associations with other flavors appear to require immediate flavor-flavor pairings (Fanselow & Birk, 1982; Fedorchak & Bolles, 1987; Holman, 1975) . However, recent work suggests that flavor preferences based on caloric consequences often do not develop at long delays (Simbayi, Boakes, & Burton, 1986) . Apparently, both the novelty and the quality of the flavors associated with caloric consequences can interfere with the acquisition of conditioned flavor preferences across longer delays (Elizalde & Sclafani, 1988) . Our results indicate that caloric consequences strongly affect the comparison of foods across relatively short (4-min) delays in the anticipatory contrast paradigm, but also suggest that caloric consequences are less important at longer delays.
Another complexity found in the present data is the question of how to characterize the facilitation effects we obtained with both skim milk and chocolate milk at the 4-min delay. The facilitation effect for skim milk might be construed as a case of positive contrast, because skim milk was less preferred than saccharin in simultaneous comparisons. However, this explanation is not plausible for chocolate milk, because chocolate milk was highly preferred to saccharin. Even more troubling is the question of how chocolate milk could produce positive contrast after a 4-min delay but negative contrast after a 16-min delay.
A final complication that emerges when considering the present data is the absence of any well-formulated relationship between contrast and conditioning processes. The critical distinction between the procedures that condition a flavor preference and those that produce anticipatory contrast remains unclear. For example, why should the procedure of following saccharin with 32% sucrose suppress saccharin intake rather than conditioning a preference for saccharin (cf. Flaherty & Checke, 1982) ? It seems that one cannot yet specify when the sequential presentation of foods will produce a flavor preference and when it will result in a comparison between foods. For example, despite the sequential contingency, following a helping of vegetables with a sweet dessert does not increase a child's liking for vegetables (Birch, 1989) .
With respect to selective foraging, our data suggest that the mechanisms of anticipatory contrast may play an important role in within-meal selection strategies. Our results suggest that rats allocate intake between two foods on the basis of differences in both flavor and caloric consequence. However, although our results indicate that foods are compared on both caloric and hedonic scales, it is too early to determine how these comparisons ultimately contribute to an optimal foraging strategy. Making comparisons among foods on the basis of calories would seem to have obvious survival value. In this regard, the finding that rats suppress short-term saccharin intake in anticipation of foods of greater caloric value would seem to represent an important selection strategy. However, the apparently short time course for this comparison remains to be explained.
More work also is needed to clarify how flavor differences contribute to selective foraging. In the absence of experience, comparisons based on flavors are presumably important because the initial flavor of a food is arguably the best estimate of a novel food's potential value. This relationship may be especially important for sweetness and caloric consequences. In addition, as discussed earlier, flavor preferences clearly can be adjusted in response to both caloric and hedonic consequences. It may be that some flavor-consequence combinations are more sensitive to preference conditioning than others (Elizalde & Sclafani, 1988) . At the very least, the present data suggest that the effective time horizon in a foraging situation is probably not an absolute temporal limit on an animal's capacity to look ahead, but rather a performance limit depending on the animal's motivational state and the relative values of the particular items being compared.
